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- ABSTRACT

Lithium salts of monohydroxyalkyl-substituted conju-
gated alkadienes are employed as comonomers in the
polymerization of conjugated dienes, or conjugated
dienes with monovinyl aromatic compounds, to pro-
duce polymers containing hydroxy functionality. The
hydroxy functionality permits efficient curing.
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1

PREPARATION OF FUNCTIONAL POLYMERS
This 1s a divisional application of Ser. No. 690,805,
filed May 27, 1976, now U.S. Pat. No. 4,046,745, pa-

tented Sept. 6, 1977, which is a divisional application of 3

Ser. No. 625,743 filed Oct. 24, 1975, now U.S. Pat. No.
3,993,853, patented Nov. 23, 1976.

FIELD OF THE INVENTION

The invention relates to polymers containing hy-
~ droxyl functional groups. In another aspect, the inven-
tion relates to a process to prepare polymers containing
hydroxy functional groups. In a still further aspect, the
invention relates to cured polymers.

BACKGROUND OF THE INVENTION

Polymers containing hydroxyl groups in the polymer
molecule are particularly useful since such polymers are
readily curable with a variety of curing agents, such as
the diisocyanates or polyisocyanates. Some hydroxyl
functionality heretofore has been provided in polymers
by converting the lithium end groups of the living poly-
mer to hydroxyl by treatment with reagents such as the
epoxy compounds. However, in polymerizations em-
ploying a monolithium imitiator, the polymers resulting
contain, after hydrolysis, one hydroxyl group per mole-
cule; with a dilithivm initiator only two hydroxyl
groups per molecule; and so on. Thus, linear polymers,
preferred for curing with the types of curing agents
mentioned, normally would be expected to contain only
up to about 2 hydroxyl groups per polymer molecule.
Thus, if the functionality could be increased substan-
tially, i.e., if the pelymer molecule could contain more
hydroxyl groups per molecuie, then greater degrees of
functionality would be exhibited, and greater degrees of
crosslinking could be obtainable.

BRIEF SUMMARY OF THE INVENTION
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We have discovered that polymers with a signifi- 40

cantly increased degree of functionality can be prepared
by employing as a commonomer a minor amount of a
lithium salt of a monohydroxy—alkyl—substituted conju-
gated alkadiene in polymerization with conjugated di-

enes, or conjugated dienes with monovinyl-substituted 43

aromatic compounds. The resultant polymers contain
significantly high levels of hydroxyl groups. The nor-
mally liquid or semi-solid polymers so produced by our
process can be readily converted into solid products,
thus providing an effective means of making a truly
castable rubber. The polymers produced in a more nor-
mally solid state find effective wide usefulness in
foamed stocks such as for insulation.

DETAILED DESCRIPTION OF THE
- INVENTION

Lithium Salts of Monohydroxyalkyl-substituted
Conjugated Alkadienes

Lithium salts of monohydroxyalkyl-substituted con-
jugated alkadienes are employed by us as comonomers
in polymerization with conjugated dienes, or with con-
jugated dienes plus monovinyl-substituted aromatic
compounds, in the preparation of copolymelrs with
increased hydroxyl empioying antomic solution poly-
merization means and a lithium-based initiator.

35
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‘The lithium salts of hydroxyalkyl-substituted conju-

gated alkadienes are prepared from hydroxyalkyl-sub-

2

stituted conjugated alkadienes by reaction with either
lithium metal or with hydrocarbyllithium compounds.
. The monohydroxyalkyl-substituted conjugated alka-
dienes from which the aforedescribed useful lithium

salts are prepared can be represented by:

” R R I
NFT O/
=C—C=C
/ N\
R R

wherein Q represents R ora hydroxyalkyl group repre-
sented by

wherein R 1s hydrogen, or is a hydrocarbon radical
which is alkyl, cycloalkyl, aryl, or combination radical
such as alkaryl, aralkyl, and the like, and wherein each
R can be the same or different. Each R’ is mdlwdually
selected from hydrogen, methyl, or ethyl; and n is a
whole number of 1 to 3. The monohydroxyalkyl-sub-
stituted conjugated alkadienes contain a single hydroxy-
alkyl group per molecule. Thus, in each such com-
pound, one Q group 1s R, and one Q group is hydroxyal-
kyl. There is no specific limitation as far as operability is
concerned as to the number of carbon atoms per mole-
cule, though a minimum of 5 carbon atoms is requisite.
For general convenience, a carbon atom range of 5 to
12 carbon atoms is suggested, with presently 5 or 6
carbon atoms per molecule being preferred for avail-
ability and handling.

Exemplary monohydroxyalkyl-substituted conju-
gated alkadienes or for shorthand termed alkadienols,
are 2,4-pentadien-1-ol, 3,5-hexadien-2-ol, 3-methyl-4,6-
decadien-3-0l, 3-cyclohexyl-2,4-pentadien-1-0l, 5-phe-
nyl-2,4-pentadien-1-0l, 6-phenyl-2,4-hexadien-1-ol, 2-p-
tolyl-2,4-pentadien-1-ol, 2-methylene-3-butene-1-0l, 2-
methyl-3-methylene-4-penten-2-0l,  3-cyclohexyl-2-
methylene-3-buten-1-0l, and the like, as well as mixtures
thereof. Of these, 2,4-pentadien-1-0l and 2-methylene-3-
buten-1-ol presently are the preferred species.

The effective comonomers according to our inven-
tion, the lithium salts of the monohydroxyalkyl-sub-
stituted conjugated alkadienes, are prepared by contact-
ing the hydroxyalkyl-substituted conjugated alkadienes
with lithium metal or with a hydrocarbonhthmm com-
pound.

Lithium metal can be employed as wire, ribbon, shot,
and the reaction preferably is conducted by contacting
the suitable amount of lithium metal with the hydroxy-
alkyl-substituted conjugated alkadiene in a hydrogen
solvent, such as pentane, hexane, cyclohexane, or ben-
zene. Presently for exemplary purposes is suggested a
range of about 0.95 to 1.05 gram equivalents of lithium
per gram mol of alkadienol. Preferred, of course, is a
ratio of 1:1, in order to make the desired lithium salt of
the hydroxyalkyl-substituted conjugated alkadiene
most precisely. However, a slight excess of hydroxyal-
kyl-substituted conjugated alkadiene is not objection-
able; presence of small amounts of unreacted lithium
metal are not objectionable since such would be known

to initiate polymerization of the desired monomers.
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However, for maximum employment of our invention,
the ratio should be held closely to the suggested range.

Hydrocarbon lithium compounds employed in react-
ing with the monohydroxyalkyl-substituted conjugated
alkadienes include hydrocarbon lithium compounds

represented by the formula R(Li),. R is a hydrocarbon
radical which can be saturated aliphatic, saturated cy-

cloaliphatic, aromatic, or combination radical. The inte-
ger indicator x has the value of 1 to 4. R, of course, has
a valence equal to x. While the hydrocarbon radical
presently is not limited to size as far as operability 1s
concerned, for convenience and availability the R
group will contain 1 to 20 carbon atoms per molecule,
and presently 3 to 5 carbon atoms per molecule are
preferred because of particularly desirably reactivities.
 Exemplary hydrocarbon lithium compounds include

methyllithium, isopropyllithium, n-butyllithtum, tert-
butyllithium, n-decyllithium, phenyllithium, p-tolylli-
thium, cyclohexyllithium, 1,20-dilithioeicosane, 1,3,5-

4,129,558
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trilithiopentane, 1,2,4,6-tetralithiocyclohexane and the 20

like. n-Butyllithium is presently preferred because of
availability and desirable reactivity.

The amount of hydrocarbyllithium compound em-
ployed is the same as described above for lithium metal.

The contacting can be conducted under any condi-
tions suitable to produce lithium salts of the alcohols
described. Contacting can be in the alkadienol itself, or
the alkadienol can be further diluted with inert hydro-
carbon, such as pentane, hexane, cyclohexane, benzene,
toluene, etc. Contacting times can be whatever is con-
venient, from such as less than a minute to 24 hours or
more, presently preferred about 15 minutes to 1 hour for
satisfactory reaction. Contacting can be conducted at
any reaction temperature, under conditions of pressure
and temperature suitable to maintain the reactant sub-
stantially in the liquid phase. Exemplary temperatures
presently suggested are in the range of about 0°C. to
100° C., presently conveniently about 20° C. to 50° C.

The desired lithium salts of hydroxyalkyl-substituted
conjugated alkadienes can be prepared in a separate
reactor, and transferred without isolation of the salt into
the polymerization zone; or the desired salt can be pre-
pared directly in the polymerization reactor if desired.
It is preferred to exclude oxygen, air, and moisture,

25
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since while not objectionable in the preparation of the 45

lithium salt as described, such are objectionable and
undesirable, as is known in the art, in polymerization of
the monomers described. It should be noted that within
the indicated ranges the proportions of lithium or hy-
drocarbyllithium compound to hydroxyalkyl-sub-
stituted alkadiene employed to prepare the correspond-
ing lithium salt of hydroxyalkyl-substituted con jugated
alkadiene, the resulting lithium salt of the monohy-
droxyalkyl-substituted conjugated alkadiene itself has
no appreciable initiator properties. Thus, simply con-
tacting the conjugated diene, or conjugated diene and
monovinyl-substituted aromatic compound, with the
described lithium salt, would not effectively result in
polymerization of the monomers.

'POLYMERIZATION PROCESS

- _Thus, it is necessary in order to produce the hydroxy
functional polymers according to our invention not

~ only to employ the monomers, conjugated diene, or

conjugated diene with monovinyl-substituted aromatic
hydrocarbon, plus the lithium salt of hydroxyalkyl-sub-

~ gtituted conjugated alkadiene, but further to employ a
. suitble lithium initiator. |

30
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4
INITIATORS

Suitable lithium hydrocarbon initiators include those -
represented by the formula R"(Li),. R"” represents a
hydrocarbon radical having a valence of y. The integer

indicator y has the value of from 1 to 4. Presently pre-
ferred are the dilithio initiators represented by RLi;

such that the resulting polymer is a linear polymer hav-
ing two lithium atoms per molecule, one lithium atom at
each end of each polymer molecule.

Exemplary species include such as methyllithium,
n-butyllithium, phenyllithium, 1,4-dilithiobutane, 1,2-
dilithio-1,2-diphenylethane, 1,4-dilithionaphthalene,
1,4-dilithio-2-methylbutane, 1,3,5-trilithiopentane,
1,2,4,8-tetralithioeicosane. It is within the scope of our
invention to employ lithium initiators containing more -
or less than two lithium atoms per molecule. Lithium
initiators containing more than two lithium atoms per
molecule result in predominantly branched polymer
molecules containing a lithium atom at each branch end.
Monolithium initiators, of course, produce a polymer
molecule with a single lithium atom at one end of the
polymer molecule. |

&

MONOMERS

The monomers employed in the process of our inven-
tion are conjugated dienes plus the lithium salts of hy-
droxyalkyl-substituted conjugated alkadienes, or conju-
gated dienes plus monovinyl-substituted aromatic hy-
drocarbon plus the lithium salts of hydroxyalkyl-sub-
stituted conjugated alkadienes. In any of these polymer-
ization systems, the monomers are employed in admix-
ture one with the other.

Conjugated dienes employed in the process of our
invention include any of the conjugated dienes, prefera-
bly the hydrocarbon conjugated dienes, known to poly-
merize with lithium initiators. On an exemplary basis,
these conjugated dienes can contain 4 to 12 carbon
atoms per molecule, preferably for availability 4 to 8
carbon atoms per molecule, and preferably for indus-
trial those of 4 to 6 carbon atoms per molecule. Exem-
plary species include such as 1,3-butadiene, isoprene,
piperylene, 2,3-dimethylbutadiene, 1,3-hexadiene, 2,4-
octadiene, 5-vinyl-5-decene, 2-phenyl-1,3-butadiene,
and the like, alone, in admixture with any two or more,
in any desired proportion. | |

Where desired, the conjugated diene can be polymer-
ized in admixture with one or more monovinyl-sub-
stituted aromatic compounds, preferably the hydrocar-
bon monovinyl-substituted aromatic compounds,
known to copolymerize with the polymerizable conju--
gated dienes in lithium initiated solution-polymerized
systems. These monovinyl-substituted aromatic com-
pounds typically contain 8 to 16 carbon atoms per mole-
cule, usually for availability 8 to 12 carbon atoms per
molecule, and for commercial preference 8 to 9 carbon
atoms per molecule. Exemplary species include styrene,
alpha-methylstyrene, m-vinyltoluene, p-tert-butylsty-
rene, 1-vinylnaphthalene, 4-ethyl-1-vinylnaphthalene,
6-isopropyl-4-methyl-1-vinylnaphthalene, and the like,
alone or in admixture.

Preferred proportions are a sufficient amount of con-
jugated diene as to result in the formation of a substan-

65 tially rubbery product. For this reason, the amount of -

conjugated diene component generally should be in the
preponderance, such as greater than 50 percent by
weight. |
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. 5
The amount of lithium salt of hydroxyalkyl-sub-

stituted conjugated alkadiene to employ generally

should be in the range of about 1 to 6 parts by weight of
total monomers, for the reason that greater than this
amount appears to result in an undesirable retardation of
the polymerization rate of the primary monomers. Pres-
ently preferred is a range of about 2 to 4 parts per 100
parts by weight of total monomers for best results.

The polymerization process itself is conducted under
conditions with employment of diluent as known in the
art for polymerization of conjugated dienes, or conju-
gated dienes with monovinyl-substituted aromatic hy-
drocarbon monomers, employing lithium initiators.
Polymerization typically is conducted in a hydrocarbon
diluent, such as pentane, hexane, cyclohexane, i1sooc-
tane, benzene, toluene, alone or any admixture thereof,
under suitable polymerization temperatures and pres-
sures sufficient to maintain the reactants and diluent
substantially in the liquid phase. Any convenient
amount of diluent can be employed, such as 100 to 2000
parts by weight per 100 parts by weight of total mono-
mers.

The amount of initiator employed can vary according
to the desired molecular weight of the polymer. Gener-
ally, the amount employed will be in the range of about
0.5 to 150 milliequivalents of lithium per 100 parts by
weight of total polymerizable monomer.

The amount of initiator is exclusive of lithium con-
tained in the hydroxyalkyl-submitted conjugated al-
kadiene itself. The lithium compound or compounds
employed as initiator generally are introduced into the
reaction zone after the total monomers are present, and
diluent. |

Polymerization can be conducted with any polymeri-
zation temperature suitable for the moromers to be
polymerized. Exemplary temperature range would be
about 30° to 100° C., presently preferred about 40° to
60° C. because of reactivity and convenience.

Polymerization times can vary widely depending on

6
groups to hydroxyl groups and to thus fluidize the sys-

~ tem. Acidification with aqueous hydrochloric acid fol-
 lowed by washing with water until neutral, addition of

5
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any well known stabilizer or antioxidant, and drying,
complete the isolation process. Alternately, the poly-
mer cements obtained from the alkylene oxide treat-
ments can be titrated with aqueous hydrochloric acid to
the neutral point, filtered to remove lithium chloride
and dried to give the desired functional polymer.

The hydroxy-containing polymers prepared as de-
scribed above can be cured using a number of systems
known in the art. They are especially useful in urethane
type systems in which a polyisocyanate, preferably a
diisocyanate, is mixed with the polymer to convert the
polymer hydroxyl groups into urethane-type linkages.
If an excess of polyisocyanate is used, a chain extender,
such as a polyol, normally is added to convert the ex-
cess isocyanate groups into urethane-type linkages.
Molding the resulting incompletely cured polymer
under heat and pressure completes the conversion of the
normally liquid or semi-solid hydroxy-containing poly-
mers into firm, rubbery gumstocks.

Polysiocyanates of general formula R(NCO),

- wherein R is a hydrocarbyl radical of valence x having

25
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monomers, initiator, temperature, and the like, though 40

an exemplary range would be from such as about 0.5 to
15 hours. |

At the conclusion of the polymerization reaction, the
living polymer containing oxygen-lithium groups from
the incorporated lithium salts of conjugated alkadienols
and carbon-lithium groups from the polymerization
reaction is treated with an agent such as an alkylene

45

oxide to convert the carbon-lithium groups to oxygen-

lithium groups. Preferred alkylene oxides include ethyl-
ene oxide and propylene oxido. Alkylene oxides gener-
ally known in the art can be employed, such as those of
2 to 6 carbon atoms per molecule. Generally from about
1 to 2 and preferably 1.25 to 1.5 moles of alkylene oxide
are employed per equivalent of lithium in the imtiator.

Said treatment with alkylene oxides is normally car-
ried out after adding from about 2 to about 20 parts by
weight per hundred parts by weight total monomers of
an ether such as diethyl ether or tetrahydrofuran to

maintain a fluid system. Said treatment is carried out for

any time and temperature which is necessary to convert
substantially all the carbon-lithium groups to oxygen-

lithium groups. Usually from 1 minute to 24 hours at

temperatures ranging from 30° to 100° C. is sufficient to
essentially complete the reaction.

Any convenient means known in the art to isolate the
resultant polymers can be employed. It is currently
convenient to treat the polymerization system with an
alcohol, such as isopropanol, to convert oxygen-lithium

0
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up to about 20 carbon atoms and wherein x is an integer
having the value of from 2 to 4 are useful in the curing
of the invention polymers. Examples of commercially
available diisocyanates are 2,4-tolylene diisocyanate
(TDI), diphenylmethane diisoyanate (MDI), hex-
amethylene-diisocyanate, and the like. Aryl diuisocya-
nates, such as TDI and MDI, are preferred.

Chain extenders are known in the art and are some-
times useful in the curing procedures for the polymers
of this invention. Examples of commercially available
chain extenders include 1,4-butanediol, 2-ethyl-1,3-hex-
anediol, trimethylolpropane, triisopropanolamine, N,N-
bis(2-hydroxypropylaniline, 3,3'-dichlorobenzidine
and the like. Especially preferred in the present inven-
tion are the diols, such as N,N-bis(2-hydroxypropyl)ani-
line. |

It may sometimes be desirably to include accelerators
in the curing system which are well known in the art to
accelerate the reaction of isocyanates with hydroxyl
groups. Included in such accelerators are dibutyltin

dilaurate, stannous octoate, tricthylene diamine, etc.
.- The chain extenders, preferably diols, are normally

used in amounts ranging from 0 to 5 and preferably 1 to
3 equivalents of hydroxy per equivalent of polymer
hydroxy groups. The polyisocyanates, preferably diiso-
cyanates, are normally employed in amounts ranging
from 1 to 1.15 and preferably 1 to 1.05 equivalents of
isocyanate per equivalent of total hydroxy (polymer
hydroxy plus chain extender hydroxy). Accelerators
are usually used in amounts ranging from 0 to 0.5 and
preferably 0.15 to 0.25 parts by weight per one hundred
parts by weight polymer.

Due to the exothermic nature of the isocyanate-
hydroxy reaction it may be desirable or necessary to
control the temperature of the mixture during said reac-
tion by means of an external cooling system. It is gener-
ally desirable to maintain the temperature of the react-
ing mixture below about 80 to 100° C. in order to avoid
completely curing the polymer prior to introduction of

. the partially cured mass into the desired mold.

65

Subsequent molding and complete curing of the poly-
mer can be carried out at any temperature and pressure
for any time which results in the desired product. It is

- currently useful to mold the partially cured polymer at
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93° to 121° C. {200 to 250° F.) and ISUOOta 20000 pslg
for 1 to 2 hours. | L

EXAMPLES

| Emmplea given are intended to farther ﬂlustrate our
~ invention, and for this reason.particular species ern-

ployed, conditions, ratios, should be considered as ex-
emplary and not limitative of the scOpe of the mventlon

EXAMPLE 1

Polymers of 1,3-butadiene were prepared usmg a
dilithium initiator, termination of the ‘resulting living
noiymer with propylene oxide, without the comonomer

of our invention.

~  RECIPE ) _"
Polymerization Run 1 Run 2 -
Butadicne gm - 40 - 40 -
Cyclohexane mi 450 475 -
Initiaior LIMI-B@ 12 12 mmol&s
Polymerization Time hrs i.5 . - 4 - =
Temp. * C. 30 - 50 ¢
Termination - B -
Tetrahy drofuran ml '- 5 . 5
Propyiene Oxide ml 7 7
Treatment Time hrs. 16 . 16
Temp. ° C. 50 50

("}Dmﬂuum mmatnr prepared in accordance thh U.S. Pat. No. 3 23? 333, Example
L | -,

To a mtrogen purged reactor pressured to 30 psig
with nitrogen were charged the above-stated amounts
of cyclohexane, butadiene and initiator, in that order.

The reactor was maintained at 5¢° C. for designated.

time with constant stirring. The tetrahydrofuran and
propylene oxide then were added in that order with
vigorous agitation between additions. The reactor was
maintained at 50° C. for 16 hours with constant stirring.
The polymerization mixture then was filtered with iso-
propanol, acidified with aqueous hydrochloric acid,
washed with water until neutral, treated wiih 0.5 par.ts

by weight per one hundred parts by weight total mono-

mers of 2 2'-methylene-bis-(4-methyl-6-t-butylphenol)

40
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A dilithium initiator was employed, and the living poly-
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and heated to steam temperature under a mtrogen

stream to remove volatiles.
Table I summarizes the recovered amounts and ch ar-

acierization data of the resultant polymers.
TABLE 1
o Recovery Hydmg——l_b
No. Gm Theory Visc” % Molecule HI° M,°* M2
1 49° 106 56 089 20 14 5300 3800
2 469 100 48 035 1.8 134 4900 3700
" iacosity (poise) at 25.8C. Determined using sing Brookfield memeter Model RVF
o. 7 spindle, .
: ﬁ.ﬂt % hydroxyl determined as in Anal. Chem. 31, 1808 (1959).

M, X Wt % OH/100
#Mnlecule = —-—-—-T.j,-————

?{etemgenmty Index. Calculated as M,/M,.
Weight average molecular weight and number avemge mnlecular welght deter

mined by gel permeation chromatography in accordance with method of Kraus and

Stacy, J. Poly. Sci. A-2, 657 (1972).
*Possibly not dry.

As was expected, the polyresrs resulting from cap-
ping the living polymer of buizdiene initiated with a .
dilithium initiator with nropyiene oxide contzined ap-

proximately two hydroxyl groups per molecule. .
| MLE i1 R
?olymen's were prepm'ed emﬁoymg the hthlum salt

:"2.4-Pentad1en 1-ol

‘mers were terminated with propylene oxide, so as to
pmvide comparison with the polymers of Example 1.

Recipe and Charge Order

Cyclohexane = - 475
2, 4-Pentad1cn-l-ol : o var, position in

| ) | charge order
-n-Butylllthlumt VT Var. “also variable
Butadiene gm 40 -

LIMI-B mmoles -~ 12
; - Polymerization Time hrs. . 4

Temp. * C. 30

Termmatmn | |
Tetmhydroﬁlran m] - 5
"Propylene oxide ml | 7
- Temunanan Time hrs.- 16

Temp.* C. 350

Table II shows the polymenzatlon recipe variable.

: TABLE o
"Run "P_DO"" 'NBL Salt - in
| No. - - mmoles mmoles  Prep. Charge
30 R |2 18 in situ® | c
45 e 12 12 in situ® c
. 12‘. P 12 Preform d
R 6 6 Preform? d

n-Bu‘ty!l.lthmm | S '
‘PDOnndN‘Bme:dmreactormcyclohexm Cmtmtmwmmm:lﬁo’

C, beforce proceeding with charging.
PDOandNBLmuedmscpantermtorm?Smlcyclohﬂme,AﬂerMmm :
cohtact’ time at 30" C,; mummwasmmferrodtormtorfruhlychmdwnh

cyclohemne, butadiene and LIMI-B.

" For Runs 3 and 4 a mtrogcn purged reactor was
pressured to: 30 psig with nitrogen. Amounts of cyclo-
hexane, PDO.and NBL as-given in the Recipe and
Table II were charged in that order after which contact

time of 30 minutes at 30° C. was allowed. After addition

of butadiene and initiator in that order the reactor was

:maintained at 50° C. for 4 hours. Addition of THF and
~ PO in amounts given in"the Recipe in that order with

agitation  between additions followed by continued
heating at 50° C. for 16 hours and workup as described

~ in Example I gave polymers the recovered amounts and

45 *

50

characterization data of which are recorded in Table

L TABLE 118

an. | % | ‘Wt.  #/mole-

No. - Gm Conv Vlsc %__ cule HI M, M,

3 462 ',100 348 096 42 146 11000 7500
& ___471 100 184 096 30 16 8500 5300
5 ch— 136 100 728 151 7600 4800
.6 466 10088 099 25 L5 6400 4300
""a) Not determ:ned .

35

’ .-

60

The data m TabIe II indicate that the recovered
polymers have ‘more hydroxyl groups per molecule

than observed in the control runs of Example 1. Thus, it

is concluded that the lithium salt of 2,4-pentadien-1-ol

Was mcarporated as a comonomer in the polymer. This

conclusion is further vertified by the observation that

. hydroxyls/ molécule values increased with mcreasmg

T ::

65

of 2,4-pentadien- -1-0! as a comonomer with butadiene i in

the preparation of polyimers fmmrdmw to our mvemwn

“amount of the original salt.

It should-be further noted that increasing sait content
resulted in increased molecular weight of the resultant

polymers possibly’ indicating that the sale serves as a

s}aw polymahzatmn termmatnr, 1.e., 8 slow po:son

*u?r

R - f
+- [
L] Il B a7 e 'H - .
. 3 . ) R -
DI I & S

' E Yy s
LT
. _ S
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EXAMPLE III - -continued o
The following invention runs (7 and 8) and compara- e — &
tive run (9) were conducted generally as described in “'(z"gcmyi“:e_“ ren-1-ol and NBL contacted _m
Examples II and I, respectively, with the only dlffer- 30 minutes at 30° C. in cyclohexane before proceeding)
ences as noted below. LMBW-B ° e 2245
Pnlymenzanun Time hrs. 2
o Temp. * C. 50
Recipe | Termination -
Cyclohexane m! 450 10 Tetrahydrofuran m! 5
2,4-Pentadien-1-ol mmoles var. Propylene oxide ml | | 5
n-Butyllithinm mmoles var. Termination Time hrs. | | 16
(PDO and NBL contacted in the cyclohexane Temp. " C. - 50
30 minutes at 30° C. before proceeding) . .
Butadiene gm 40
LIMI-B mmoles 12 15
Tetrahydrofuran ml 2 . TABLE VI _
Pulymenzanon time variabile Run - MBO NBL
temp. ° C. 50 - No. | mmoles mmoles
Termination | 10 o | 0
Propylene oxide ml | -7 11 18 18
Time Hrs. - 16 20 12 | 12 | 12
Temp. ° C. 30 | 13 6 - 6

Table IV gives the polymerization variables.

TABLE IV ’s
Run PDC NBL - Pzn Time
No. mmoles mmoles Hrs.
7 12 12 1.5
- 8 - 12 12 2.5
9 I ¢ 0 1.5

- Other than changes in amounts of cyclohexane and
tetrahydrofuran and polymerization time, the only
other difference between Runs 7 and 8 and Run 4 was
the introduction of THF prior to the polymerization
step m the former and after the polymerization step in
the latter. Likewise the only difference between com-
parative Run 9 and comparative Run 1 was the use of a
smaller amount (2 ml) of THF introduced before the
polymerization step in the former compared to the
larger amount of THF {5 ml) introduced after the poly-
merization step of the latter.

Recovery and characterization data given in Table V
show that adding THF prior to the polymerization step
and in smaller amounts had little effect on the resultant 43
polymers. Comparison of inventive Runs 7 and 8 with
compnrauchun9lmdatothcsamcwnclwonsas

35

nmuoned above in Example 1.
| TABLE VY 50

Run _Recovery Hydroxyl

No. Gm % Visc. Wt. % #/molecule HI M, M,

7 45 97.5 300 097 3.0 1.51 8000 5300

8 461 100 268 099 31 - 1.44 7600 35300 |

9 459 9 34 0.73 1.6 130 4900 3300 45

EXAMPLE IV

The foﬂamng Run 10 tllustrates thc use of the lithium

butadiene in the preparation of polymers using a dili-
thium initiator and termination of the resultant living

polymcrs w:th pmylene oxide.
63
Recme and Chlrgc Order | |
Cyclohezane ml | - 200
- 2-methylene-3-buten-1-ol (MBO) var

sait of 2-methylene-3-buten-1-ol as a comonomer with %0

For Runs 1 1, 12 and 13"a-_'nit'rogen purged reactor was

pressured to 30psig with nitrogen and charged with the

above stated amounts of cyclohexane, 2-methylene-3-
buten-1-ol, and n-butyllithium in that order. After 30

- minutes contact time at 30° C., the butadiene and initia-

tor were added and the continuously stirred polymeri-
zation mixture was heated to 50° C. for 2 hours. Intro-
duction of THF and PO, and continued heating at 50°
C. for 16 hours and workup as described in Example 1,
gave the inventive polymers described in Table VII.

Comparative Run 10 was conducted as described for
invention Runs 11, 12 and 13 with the only difference
being omission of 2-methylene-3-buten-1-ol and n-butyi-
Iithium.

TABLE VI1

Hm::zl

Run _Recovery o #/
No. gm % Viscc Wt.% molecule HI M, M,
10 223 100 35 0.85 1.5 125 3900 3100
11 232 100 a 1.06 4.8 22 1650 7700
12 222 100 126 1.01 2.6 1.56 6700 4300
13 228 100 58  0.81 1.6 1.3¢ 4600 3400

The data in Table VII indicate that the lithium sailt of
2-methylene-3-buten-1-0l was incorporated as a como-
nomer with butadiene: Like those discussed in Example
I1, these data likewise suggest that the lithium salt may
be functioning as a slow poison.

- EXAMPLE V

- The follomg Runs illustrate the cunng of some of
the above described polymers using a urethane-type

| _,curmg system ) |
Recipe Amount
Polymer | Var.
Dibutyltin dilawrate (DBTDL) - Var.
fsonat= 14317 Var.
N V-m-hydmxypmpyl)amhmb Var.

"Ahquﬂdn&ocym&mkﬂeﬂbyTthpjohnCmmywhchmmmﬂy
gimdlay to diphenyimcthane diisocyanste.
*Marketed by The Upjolm Company as Isonal C-100.

Table VIII shows the amounts of components and the

mix conditions.
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Diol

mmole Min Temp®

6715 1 68

- TABLE VIII
Run ~__Polymer . DBTDL ___ Diisocyanate
No. RunNo. Cm OH° gm  mmole Min Temp®
. - 17.5 0.079 85 30 41
2 1n _ -
15 4 25 o . |
- B 20.2 0.079 8S 45 . 54
5 10 . - | |
16 4 8 - -
' 16 0.036 58 - 45 52
3 15 .
17 7 18 | o .
19.6 0079 85 45 65
g (7 .

64.8 0.5 704
42.5 0.5 67

654 05 90

Millimoles of hydroxyl contsined in the particular amount of polymer used.
bFinal temperature in * C of mixture at end of specified time. | *

 The polymers to be cured were degassed at 105 to
110° C for 0.5 hour at 8 to 10 Torr. After cooling to 36°

DBTDL was mixed into the polymer and degassing at
~ 30° to 35° C and 50 torr vacuum was resumed. A tem-
~_ perature increase was observed as noted in Table VIII
" as the exothermic reaction occurred for the specified

'C the vacuum was relieved with dry nitrogen. The 20

" time interval between the diisocyanate and the polymer

" hydroxyls. After the exothermic reaction of the poly-

- mer hydroxyis with the diisocyanate subsided and the .

specified time was achieved the chain extended (diol)
was added and 50 torr vacuum was resumed. A very
rapid temperature increase was observed such that after
about 0.5 to 1 minute the temperatures recorded in
Table VIII were reached. The reactor then was opened
to the air and the partially cured polymer was placed in
a mold. Molding the polymer at 107° C (225° F) for 1.5
hr at 16,000 psig gave firm gumstocks, the characteriza-
tion data of which are given in Table IX.

~ TABLE IX
-
T Mod AS |
Run Gel Swell? ﬁfeﬂ" Elong.® ulus Hard- Tear?
No. %% Index psig % psig  Dness pi
14 88 1§ 1270 300 1240 59 110
15 66 16 1210 125 - 68 110
16 78 9 830 125 — 69 125
17 65 17 430 120 — &7 40
etermined as described in U.S. Pat. No. 3,135,716 Col. 16. |
SASTM D-412-66 |
CASTM D-2240-68 |
 dASTM D-624-54, Dic A.

The gumstocks obtained from inventive Runs 15, 16,
and 17 showed some signs of inhomogeneity, such as
sticky spots and opacity, possibly due to inadequate
mixing of the diol into the isocyanate-reacted polymer
possibly resulting from the rapid, exothermic reaction
with the chain extender which rapidly increased the
viscosity of the polymer mixture. While the cured in-
“vention polymers of Runs 15, 16, and 17, do not show
_improved properties over those of comparative Run 14

under the curing conditions employed, it is our opinion
that more carefully controlled curing conditions would

show an effect attributable to the increased functional- 60

ity (hydroxy content) of the invention polymers. The
shorter elongation, and the higher Shore A hardnss,

25

35

40

45

55

however, both indicate a tighter cure which is indica-
tive of the presence of a greater functionality, e.g.,

~ greater number of hydroxyl groups per polymer mole-
~ cule. _- . ' e o

The disclosure, including the data, illustrate the value
and effectiveness of our invention. The examples, the

65

knbwledge and background' of the field of the invention

and general principles of chemistry and other applicable
sciences have formed the bases from which the broad
descriptions of the invention, including the ranges of

conditions and generic groups of operating have been

developed, which have formed, in turn, the bases for
our claims here appended.

We claim: |

1. -Hydroxy functional copolymers of at least one
conjugated diene, or of at least one conjugated diene

with at least one monovinyl-substituted atic hy- 

drocarbon, and a lithium salt of a monohydroxyalkyl-
substituted conjugated alkadiene as comonomer,
wherein said lithium salt of a monohydroxyalkyl-sub-
stituted conjugated alkadiene is the reaction product of
effective amounts of a monohydroxyalkyl-substituted

conjugated alkadiene with lithium or with a hydrocar-

byllithium compound, and wherein said monohydroxy-

alkyl-substituted conjugated alkadiene is represented by

the formula . o
R R
°CRTO
C=C—~C=C
/ N\
R R

" wherein Q is R or a monohydroxyalkyl group repre-

sented by

1
R OH |
A

wherein each R is hydrogen or is an alkyl, cycloalkyl,
aryl, or combination radical; each R’ is hydrogen,
methyl, or ethyl; n is an integer of 1 to 3; such that said

monohydroxyalkyl-substituted conjugated alkadiene
contains 1 hydroxyalkyl group per molecule. '
2. The copolymers according to claim 1 employing as

said lithium or hydrocarbyllithium compound said hy-
drocarbyllithium compound, and employing as said.
_ said  hydrocarbyllithium
compound R(Li); to said monohydroxyalkyl-sub-
stituted conjugated alkadiene in the range of about 0.95 .

effective amounts a ratio of

to 1.05 grams equivalents of lithium per gram mole of
said monohydroxyalkyl-substituted conjugated alkadi-

" ene, and wherein said monohydroxyalkyl-substituted

conjugated alkadiene contains 5 to 12 carbon atoms per
molecule. | . -
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3. The copolymers according to claim.2 wherein said
hydrocarbyl-lithium compound employed in reaction
with said monohydroxyalkyl-substituted conjugated
alkadiene is represented by R(L1i), wherein R is a hydro-
carbon radical which is saturated aliphatic, saturated 5
cycloaliphatic, or aromatic, and x is an integer of 1 to 4,
such that R has a valence equal to x and contains 1 to 20
carbon atoms per R group. |

4. The copolymers according to claim 3 wherein said
monohydroxy-alkyl-substituted conjugated alkadiene is 10
2,4-pentadien-i-ol, 3,5-hexadien-2-0l, 3-methyl-4,6-
decadien-3-ol, 3-cyclohexyl-2,4-pentadien-1-0l, 5-phe-
nyl-2,4-pentadien-i-ol, 6-phenyl-2,4-hexadien-1-o0l, 2-p-
tolyl-2,4-pentadien-1-0l, 2-methylene-3-buten-1-0l, 2-
methyl-3-methylene-4-penten-2-ol, 3-cyclohexyl-2- 15
methylene-3-buten-1-ol, or mixture thereof, and
wherein said hydrocarbyl-lithium compound is methlli-
thium, isopropyllithium, n-butyllithium, tert-butylli-
thium, n-decyllithium, phenyllithium, p-tolyllithium,
cyclohexyllithium, 1,20-dilithioeicosane, 1,3,5-tilithio- 20
pentane, or 1,2,4,6-tetralithiocyclohexane.

5. The hydroxy functional copolymers according to
claim 4 wherein said copolymerized lithium salt of a
monohydroxyalkyl-substituted conjugated alkadiene
comonomer represents about 1 to 6 parts by weight per 25
100 parts by weight of total monomers.

6. The copolymers according to claim § wherein said
copolymerized lithium salt of a monohydroxyalkyl-sub-
stituted conjugated alkadiene comonomer represent
about 2 to 4 parts by weight per 100 parts by weight of 30
total monomers.

7. The copolymers according to claim § wherein said
copolymers are copolymers of a conjugated diene with
a satd monovinyl-substituted aromatic compound and a
said lithium salt of a monohydroxyalkyl-substituted 35
conjugated alkadiene, wherein said conjugated diene
contains 4 to 12 carbon atoms per molecule, and said
monovinyl-substituted aromatic compound contains 8
to 16 carbon atoms per molecule and wherein said con-
jugated diene monomer represents at least about 50 40
parts by weight of total monomer excluding said lithium
salt of hydroxyalkyl-substituted conjugated alkadiene.

8. The copolymers according to claim 7 wherein said
conjugated diene is 1,3-butadiene, isoprene, piperylene,
2,3-dimethylbutadiene, 1,3-hexadiene, 2,4-octadiene, 45
2-phenyi-1,3-butadiene, and wherein said monovinyl-
substituted aromatic hydrocarbon compound is styrene,
aipha-methylstyrene, m-vinyltoluene, p-tert-butylsty-
rene, l-vinylnaphthalene, 4-ethyl-1-vinyl-naphthalene,
or 6-isopropyl-4-methyl-1-vinylnaphthalene. 50

9. The copolymers according to claim § wherein said
copolymer is a copolymer of a said conjugated diene of
4 to 12 carbon atoms per molecule with a said lithium
salt of a monohydroxyalkyl-substltuted conjugated al-
kadiene. 55

10. The copolymers according to claim 9 wherein
said copolymers are copolymers of butadiene and the
reaction product of 2,4-pentadien-1-ol and n-butylli-
thium.

11. Copoiymers of at least one conjugated diene, or of 60
at least one conjugated diene with at least one monovi-
nyl-substituted aromatic hydrocarbon, and about 1 to 6
parts by weight per 100 parts total monomers of a lith-
ium salt of a monohydroxyalkyl-substituted conjugated
alkadiene as comonomer, according to claim 1, cured 65
with a polyisocyanate curing system.

12. The cured copolymers according to the claim 11
- wherein said polyisocyanate 1s represented by
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r'"(NC0), wherein R”' is a hydrocarbon radical of a
valence of z having up to about 20 carbon atoms per
molecule, wherein z is an integer having a value of 2 to
4, and polyisocyate curing system includes a chain ex-
tender. |

13. The cured copolymers according to claim 12
wherein said lithium salt of a monohydroxyalkyl-sub-
stituted conjugated alkadiene is the reaction product of

- a monohydroxyalkyl-substituted conjugated alkadiene
-with lithium or with a hydrocarbyllithium compound,

employing as said lithium or hydrocarbyl-lithium com-
pound said hydrocarbyllithium compound, and employ-
ing as said effective amounts a ratio of said hydrocarbyl-

- lithium compound R(Li), to said monohydroxyalkyl-

substituted conjugated alkadiene in the range of about
0.95 to 1.05 gram equivalents of lithium per gram mole
of said monohydroxyalkyl-substituted conjugated al-
kadiene, and wherein said monohydroxyalkyl-sub-
stituted conjugated alkadiene contains 5 to 12 carbon
atoms per molecule.

14. The cured copolymers according to claim 13
wherein said hydrocarbyllithium compound employed
in reaction with said monohydroxyalkyl-substituted
conjugated alkadiene is represented by R(Li), wherein
R 1s a hydrocarbon radical which is saturated aliphatic,
saturated cycloaliphatic, or aromatic, and x is an integer
of 1 to 4, such that R has a valence equal to x and con-
tains 1 to 20 carbon atoms per R group.

15. The cured copolymers according to claim 14
wherein said monohydroxyalkyl-substituted conjugated
alkadiene is 2,4-pentadien-1-ol, 3,5-hexadien-2-ol, 3-
methy-4,6-decadien-3-0l, 3-cyclohexyl-2,4-pentadien-1-
ol, 5-phenyl-2,4-pentadien-1-ol, 6-phenyl-2,4-hexadien-
1-ol, 2-p-tolyl-2,4-pentadien-1-o0l, 2-methylene-3-buten-
1-0l, 2-methyl-3-methylene-4-penten-2-4-penten-2-ol,
3-cyclohexyl-2-methylene-3-buten-1ol, or mixture
thereof, and wherein said hydrocarbyllithium com-
pound is methllithium, isopropyllithium, n-butyllithium,
tert-butyllithium, n-decyllithium, phenyllithium, p-
tolyllithium, cyclohexyl-lithium, 1,20-dilithioeicosane,
1,3,5-trilithiopentane, or 1,2,4,6-tetralithiocyclohexane.

16. The cured hydroxy functional copolymers ac-
cording to claim 15 wherein said copolymerized lithium
salt of a monohydroxalkyl-substituted conjugated al-
kadiene comonomer represents about 1 to 6 parts by
weight per 100 parts by weight of total monomers.

17. The cured copolymers according to claim 16
wherein said copolymerized lithium salt of a monohy-
droxyalkyl-substituted conjugated alkadiene comono-
mer represents about 2 to 4 parts by welght per 100
parts by weight of total monomers.

18. The cured copolymers according to claim 16
wherein said copolymers are copolymers of a conju-

gated diene with a said diene with a said monovinyl-

substituted aromatic compound and a said lithium salt of
a monohydroxyalkyl-substituted conjugated alkadiene,
wherein said conjugated diene contains 4 to 12 carbon
atoms per molecule, and said monovinyl-substituted
aromatic compound contains 8 to 16 carbon atoms per
molecule and wherein said conjugated diene monomer
represents at least about 50 parts by weight of total
monomer excluding said lithium salt of hydroxyalkyl-
substituted conjugated alkadiene.

19. The cured copolymers according to claim 18
wherein said conjugated diene is 1,3-butane, isoprene,
piperylene, 2,3-dimethylbutadiene 1,3-hexadiene, 2,4-
octadiene, 2-phenyl-1,3-butadiene, and wherein said
monovinyl-substituted aromatic hydrocarbon com-




- rpodnd is styrene, alpha-methylfstyi'enc,. m-Vinyltoluene;
p-tert-butylstyrene,  1-vinylnaphthalene,
vinylnaphthanlene, or 6-lsopropyl-4 -methyl- -vmyl-

~ naphthalene.

4-ethyl-1-
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and the reactnon product of 2 4—pentad1cn-l-ol and n-

‘butyllithium.

22. The cured copolymcrs according to claim 20

~ wherein said copolymers are copolymers of butadiene

20. The cured copolymers accordmg to claim 16

'- wherem said copolymer is a c0polymer of a said conju-

' wherem said diisocyanate is 2 4-toylenediisocyanate,

gated diene of 4 to 12 carbon atoms per molecule with

a said lithium salt of a monohydroxyalkyl-substltuted
: conjugated alkadiene.

21, The cured mpolymers accordmg to clmm 20
R whercm said copolymers are copolymers of butadiene

10

- olamine,
| dlchlorobcnndme

and the reaction product of 2,4-pentadien-lol and n-
butyllithium cured with a diisocyanate..
- 23. The cured copolymers according to clalm 22

diphenylmethane diisocyanate, or hexamethylene diiso-
cyanate, and said chain extender is 1,4-butanediol, 2-

ethyl-1,3-hexanediol, trimethylolpropane, triisopropan-
N, N-bm(z-hydroxyprOpyl)amhne 3 3

t_'t___t s =

15

7%
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U NITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 4,129,558
DATED . December 12, 1978
INVENTOR(S) © Charles M. Selman et al

It is certified that error appears in the above—identified patent and that said Letters Patent '
are hereby corrected as shown below:

Col. 14 (claim 12) at the beginning of line 1, "r'''(NCO) " should
read -—- R'""(NCO) ===3; Col. 14 (claim 15) line 32, "methy-4,6-decadien-3-o0l"
should read --- m&thyl-4,6-decadien-3-ol ---; line 36, "3-cyclohexyl-2-
methylene-3-buten-lol" should read --- 3-cyclohexyl-2-methylene-3-buten-1-ol
——: line 38, "methllithium" should read --- methyllithium ---; Col. 14
(claim 18) line 54, after "said" and before "monovinyl-" delete ''diene
with a said": (claim 19) line 65, "1,3-butane" should read --- 1l,3-butadiene

Col. 16 (claim 22) line 5, "2,4-pentadien-lol and n-"" should be ~—-
2 ,4-pentadien-l-ol and n-"; (claim 23) line 8, "2,4-toylenediisocyanate'.
should read --- 2,4-tolylenediisocyanate -—-—,

Signed and Scaled this

renk Day of  aprit 1979

(SEAL)
Attest:

R C. MASON DONALD W. BANNER |

Attesting Officer Commissioner of Patents and Trademarks
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